Introduction to the renal tubule
The concepts covered in this chapter are all fundamental aspects of the renal system. This system is designed, structurally (anatomically) and functionally (physiologically), to handle fluids within the body in a highly efficient way. Water is the most abundant component of the human body, accounting for roughly two-thirds of the average person's body weight. The physicochemical processes responsible for maintaining fluid and electrolyte homeostasis in the human body are vital. An awareness of the underlying regulatory mechanisms is also important when considering various pathological changes.
The basic principles are relatively simple to remember and apply, provided you have a clear understanding of them from the outset. The core material in this chapter forms a good starting point for studying the renal system as its relevance can be appreciated throughout.
bODy fluiD DiSTribuTiON

Body fluid compartments
Intracellular and extracellular fluid
Fluid is compartmentalised in the body as shown in Figure 1 .1. Body fluid volume and distribution can vary with age, gender and proportion of body fat, since adipose tissue has a low water content compared with other tissues (see Points of interest 1.1).
The two major divisions of body fluid are separated by the cell membrane: The ECF is further sub-divided into two major compartments, separated by the capillary endothelium, and a minor compartment:
• Interstitial fluid -occupies the space between cells and outside capillaries (makes up about two-thirds of ECF volume)
• Plasma -the non-cellular part of blood, found inside capillaries i.e. intravascular (plasma accounts for about a third of ECF volume)
• 
CliNiCal rElEvaNCE 1.1
In pharmacology, the volume of distribution (V d ) of a drug is defined as the apparent volume of fluid in which the total dose of the drug is distributed at the same concentration as in the plasma. This value is useful in dosage calculations such as loading doses. Generally the following can be assumed about the nature of drug distribution, based on our knowledge of body fluid compartments ( Fig.1.1 ): 
Blood volume
Blood has intracellular (blood cells) and extracellular (plasma) fluid components, contained intravascularly within the circulation. The fraction of total blood volume that is composed of red blood cells is known as the 'packed cell volume' (PCV) or haematocrit. The significance of this value in assessing renal disease is explained in Clinical relevance 1.2.
The total blood volume can be calculated from known values of haematocrit and plasma volume, as shown in equation 1.1, using typical values for a normal adult. Plasma volume is measured using serum albumin labelled with radioactive iodine, or less commonly by injecting a dye that binds to plasma proteins in the circulation.
Total Polycythaemia is characterised by an abnormally raised concentration of red blood cells (erythrocytes), usually accompanied by increased levels of haemoglobin and PCV. Haemoglobin levels may be affected by other conditions (physiological and pathological e.g. iron-deficiency), therefore clinically PCV is a more reliable indicator of polycythaemia.
Changes in PCV may reflect:
• A change in the actual volume of red blood cells • A change in the total blood volume.
In absolute polycythaemia the red blood cell volume is raised, whereas relative polycythaemia occurs due to a fall in plasma volume (the actual volume of red cells remains normal, but the concentration rises).
Absolute polycythaemia may have a primary or secondary underlying cause. Primary polycythaemia (polycythaemia rubra vera, or erythrocytosis) is an example of a myeloproliferative disorder (uncontrolled clonal proliferation of bone marrow cell lines). Absolute polycythaemia may be secondary to high levels of erythropoietin, the primary stimulus for erythrocyte production. Causes may be:
• Physiological e.g. high-altitude living • Pathological e.g. diseases of the kidney that inappropriately increase the secretion of erythropoietin, lung disease, cyanotic heart disease.
POiNTS Of iNTErEST 1.1
Water as a percentage of body weight, is influenced by age, gender and percentage of body fat. Body water percentage is highest in neonates and decreases to the normal average adult value of ~60% by one year of age. Body water percentage is typically lower in women than in men because women have a higher percentage of body fat (due to actions of the female sex hormone oestrogen).
rEmEmbEr
Water content in adipose tissue is low, relative to water content in other tissue types.
Constituents of body fluid
The ionic compositions of the ICF and ECF differ considerably, due to the low electrolyte permeability of the highly selective cell membrane that divides these two fluid compartments. The electrolyte composition of each body fluid compartment is predominated by a particular ion:
• ECF -Sodium ions (Na + )
• ICF -Potassium ions (K + ).
Both of these cations are accompanied by their attendant anions:
• ECF compartments (plasma and interstitial fluid) are only separated by capillary endothelium which is freely permeable to small ions, so their ionic compositions are similar. The important difference between the two major ECF compartments is the relatively high plasma concentration of plasma proteins, which tend to remain in the capillary due to its low permeability to these proteins. rEmEmbEr Na + is the predominant cation of the ECF and K + is the major cation of the ICF (Fig. 1.1). aSk yOurSElf 1.1 Q. What is the physiological significance of the difference in Na + and K + distribution between the extracellular and intracellular fluid? A. The uneven distribution of Na + , K + and large protein anions (as well as the differential membrane permeability to these ions) are responsible for: • Relatively high sodium ion (Na The ECF compartments are separated by the highly permeable capillary endothelium.
The main difference between ECF compartments is the higher concentration of plasma proteins in the blood plasma (only a small amount of plasma proteins leak into the interstitial fluid).
The regulation of ECF constituents is summarised by the balance concept, which applies to the long-term balance of any substance within the body:
• Resting cell membrane potential (separation of opposite charges across the plasma membrane)
• Generation of action potentials in excitable tissues (nerve and muscle cells) via changes in these variables.
ECF 'reservoir'
The concentrations of different substances in the ECF vary. The ECF acts as a readily available internal reservoir of its constituent substances. Transfer of substances can occur between the ECF and the external environment or between the ECF and other internal sites, via a number of exchange mechanisms summarised in Table 1 kEy POiNTS 1.1 Table 1 .3 provides a summary of the normal volume and distribution of body fluids, given a total body water volume of 45 L.
Total body water in a normal healthy adult is 40-45 L on average, accounting for 60% of body weight.
The ICF and ECF are divided by the highly selective plasma membrane.
Major differences between the ICF and ECF include:
TOTAL BODY INPUT = TOTAL BODY OUTPUT
When input > output a POSITIVE balance exists When output > input a NEGATIVE balance exists
